and p-nitrophenylbutyrate (pNPB) were from Sigma Aldrich. 1,10-Phenanthrolin-5-amine was from Toronto Research Chemicals (Canada). All the other reagents were of analytical grade. The spectrophotometric analyses were run on a V-630 spectrophotometer (JASCO, Japan). HPLC spectrum P100 (Thermo Separation products) was used. Analyses were run at 25°C using an L-7300 column oven and a UV6000LP detector. MALDI-TOF analyses were carried out with a Bruker MicroFlex MALDI-TOF (Bruker Daltonics).
Methods
Site-directed mutagenesis, cloning and expression of GTL mutants.
All site-directed mutagenesis experiments were carried out by PCR using mutagenic primers. Briefly, to introduce the amino acid change, the corresponding pair of primers was used as homologous primer pair in a PCR reaction using a specific plasmid as template and Prime Start HS Takara DNA polymerase. The product of the PCR was digested with endonuclease DpnI that exclusively restricts methylated DNA. E. coli DH10B cells were transformed directly with the digested product. The plasmid with mutated lipase were identified by sequencing and then transformed into E. coli BL21 (DE3) cells to express the corresponding proteins. Firstly, a double mutant without cysteines on its structure was created (GTL*). To this scope, the initial C65S mutant was created and the resulting S5 plasmid was used as template to create the double mutant C65S/C296S-GTL (no cysteines present in the enzyme structure). Hence, this plasmid was used as template to construct additional mutations (S114C and S196C) using the different mutagenic primers reported in the following Table. The gene corresponding to the mature lipase from G. thermocatenulatus (GTL) was cloned into pT1 expression vector as previously described. 1 Cells carrying the recombinant plasmid pT1BTL2 were grown at 30°C and over expression was induced by raising the temperature to 42°C for 20 h. Then, the cells were harvested by centrifugation and washed with distilled water. Finally, the cells were disrupted by sonication and centrifuged. The supernatant was stored at -80°C for further purification.
Primers used for site-directed mutagenesis of GTL. 
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Purification and immobilization on SP-C 4 of GTL variants
The enzyme was purified from Escherichia coli crude extract by interfacial adsorption on Butyl-Sepharose (SP-C 4 ). 2 Briefly, 4 mL of the crude extract were diluted with 16 mL of 10 mM sodium phosphate and 3 mM of Benzamidine at pH 7. To this solution, 1 g of SP-C 4 support was added and the resulting suspension was kept on mild stirring for 30 min.
Finally, the immobilized enzyme was washed with abundant distilled water and analyzed by SDS-PAGE ( Figure S2 ).
The immobilization yields and lipase loading amount were calculated by Bradford assay in the case of GTL*/114 mutant and by Bradford and lipase activity assays in the case of GTL*/196 mutant.
Enzymatic activity assay
The activities of all the soluble and immobilized GTL variants of were analyzed spectrophotometrically measuring the increment in absorbance at 348 nm (isosbestic point) produced by the release of p-nitrophenol (pNP) (= 5,150 M-1 cm Enzymatic activity is given as micromole of hydrolyzed pNPB per minute per milligram of enzyme (IU) under the conditions above described.
Synthesis of the Ligand 1
The phenantroline-based ligand 1 was synthesized as reported in literature. In order to assess the possibility of unspecific adsorption of Cu 2+ cation to GTL* structure, the entire strategy was performed using each reported mutant but without carrying out the modification with phenanthroline-based ligand 1.
Determination of coupling efficiency
The coupling efficiency was determined by comparison among the free thiols titrated by Ellman's assay before and after the conjugation of ligand 1 to each reported GTL mutant. Table S1 )
One point covalent attachment (SP-NH 2 and SB-NH 2 ):
The immobilization of GTL*/on commercial CNBr-activated Sepharose (SP-NH 2 ) was carried out as reported by the manufacturer. The only modification is related to the incubation time that it is reduced to max 30 min before to block the immobilization reaction (in order to ensure the one point immobilization via terminal amino).
When the aldehyde-activated Sepabeads support was used, the immobilization reaction was carried out as previously described. 5 Briefly, to 10 mL of the enzymatic solution of soluble GTL artificial catalyst obtained as above described, 50 mM of DTT and 100 mM of sodium bicarbonate were added and the pH was brought to 8. After that, 1 g of the aldehyde support SB-CHO was added and resulting suspension was maintained under gently stirring at RT for 12 h. Finally, in order to reduce the imino and aldehyde groups and stop the immobilization reaction, 10 mg sodium borohydride were added under gentle stirring. After 30 min, the immobilized enzyme was washed with abundant distilled water.
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Multipoint covalent attachment (SP-Lys and SB-Lys):
To 10 mL of the enzymatic solution of soluble GTL artificial catalyst obtained as above described, 100 mM of sodium bicarbonate were added and the pH was brought to 10.1.
After that, 1 g of the aldehyde supports (SP-CHO or SB-CHO) was added and the resulting suspension was maintained under gently stirring at RT for 12 h. Finally, in order to reduce the imino and aldehyde groups and stop the immobilization reaction, 10 mg sodium borohydride were added under gentle stirring. After 30 min, the immobilized enzyme was washed with abundant distilled water.
In both cases, the immobilization yields were calculated by Bradford assay in the case of GTL*/114 mutant and by lipase activity assay in the case of GTL*/196 mutant.
MALDI-TOF-MS spectra
The GTL variants (mutants and conjugate derivatives) were desorbed with Triton X-100
from SP-C 4 support and desalted using Ziptip C18 (Merck) following the manufacturer's instructions. After that, 1 µL of sample dissolved in 50% v/v ACN with 0.1% TFA was spotted on the MALDI target and mixing with 1 µL of saturated solution of sinapinic acid matrix (dissolved in 30% v/v of ACN with 0.1% TFA). The samples were analyzed with a ultrafleXtreme MALDI TOF/TOF mass spectrometer (Bruker) ( Figure S3 ).
Trypin digestion of GTL variants
The GTL variants (mutants and conjugate derivatives) were desorbed with Triton X-100 TOF/TOF mass spectrometer (Bruker). The peptides were identified using the Biotools Software 3.2 (Bruker) and the previously reported sequence of GTL. 10 The sequence coverage obtained fluctuates between 45-55% ( Figure S4 ).
Diels Alder reactions
The azachalcone reactant 2 was prepared as reported in literature. 6 The Diels Alder products 4 and 5 as reference compounds were prepared, purified and characterized as described in literature. 6 The Diels Alder reaction used for the assessment of each heterogeneous artificial metallolipase was carried out as follow. To 1 mL of 10 mM MES buffer/ACN 95/5 pH 6, 10
l of a 100 mM azachalcone 2 solution in ACN were added (final concentration 1 mM).
After that, the resulting solution was cooled to 4°C, preserved by light and 100 mg of each immobilized catalyst (generally 1 mg of each metallolipase, 0.238% mol respect to 2) was added under mechanical stirring. Immediately, in order to initialize the reaction, 8 l of freshly distilled cyclopentadiene were added (final concentration 10 mM) and kept on mechanical stirring (orbital shaker) at 4°C for 72h. To analyze the reaction in HPLC, the supernatant was recovered by filtration and extracted with Et 2 O (3 x 1 mL). Subsequently, S11 the organic layer was dried over Na 2 SO 4 , filtered and evaporated. The oily glassy residue was dissolved in the analysis mobile phase. The ee of each reaction was determined on a Lux-Cellulose 1 column (250x4.6 m; Ø 3m) (Phenomenex) with n-hexane/2-propanol = 99/1, flow = 1 mL/min, = 265 nm ( Figure S6 ). This analytical method was successfully validated by positive comparison with the standard analytical methods described in literature. 6, 7, 8 All of the experiments were performed in triplicate, and the experimental error was less than 5%. 
Scaled-up Diels Alder reaction for stability study
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Domino synthesis of 4-aminophenol (8).
To 2.25 ml of 25 mM sodium phosphate pH 7 buffer, 0.25 mL of 100 mM p-nitrophenyl butyrate 6 solution in ACN (final concentration 10 mM) was added under magnetic stirring at 25 °C and let to homogenize. After that, 100 mg of SB-Lys-GTL*/196--Cu 2+ artificial metallolipase were added. The reaction was kept on gentle stirring until complete conversion of substrate 6 to product 7 that it was achieved about after 40 min ( Figure   S12 ). Subsequently, to initialize the Cu
2+
-catalyzed reduction of 7 to 8, 37.8 mg of solid NaBH 4 (0.001 moles) were directly added to the reaction mixture. The reaction was kept on gentle stirring at 25 ºC until complete conversion of substrate 7 to product 8 that it was achieved about after 1h ( Figure S12 ). Both the reaction progresses (enzymatic as well as reduction) were monitored by taking out 20 l of the reaction solution, diluting it with 2 mL of distilled water and measuring the absorption spectrum between 600 and 200 nm in a quartz cuvette.
Docking calculations.
Three-dimensional structures of different ligands used during docking calculations were built in PyMol (The PyMOL Molecular Graphics System, Version 1.7.2 Schrödinger, LLC)
and their stereochemistry regularized with phenix_elbow, from the Phenix suite. 9 The crystal structure of the catalytically active open state of the GTL lipase (PDB code 2W22) 10 was used to dock ligand 1 at sites 114 and 196 by using GOLD (Genetic Optimization for Ligand Docking) 11 by defining a partially flexible cavity of 10 Å around the cysteine to which Cu 2+ is covalently bound. For each of the 25 independent genetic algorithm runs, a maximum number of 100,000 operations were performed on a set of five groups with a representing the concentration of product 7 at time t and 0, respectively) and reaction time. 
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